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INTRODUCTION
Clinical applications of neurofeedback have been extensively investigated, especially in the field of cognition (e.g., Egner & Gruzelier, 2001; Vernon, Egner, Cooper, Compton, Neilands, Sheri, & Gruzelier, 2003) and attention deficit hyperactivity disorder (Rossiter & LaVaque, 1995; Fuchs, Birbaumer, Lutzenberger, Gruzelier, & Kaiser, 2003; Vernon, Frick, & Gruzelier, 2004) . Alpha waves (8-12 Hz) are associated with relaxation (Kamiya, 1968) and theta (4-7 Hz) has been suggested partly to reflect a positive emotional state (Aftanas & Golocheikine, 2001) . Peniston and Kulkosky (1990) found that alpha/theta neurofeedback, when combined with other treatments, reduced rates of relapse in recovering alcoholics.
Less attention has been paid to the effects that neurofeedback training has on healthy subjects looking to alter their neural activity to enter a state of "peak performance." Egner and Gruzelier (2003) played soothing sounds to students at the Royal College of Music that represented the levels of their alpha and theta brainwaves, recording EEG from Pz. Other groups of students were given SMR and beta1 neurofeedback at Cz, a sports psychology intervention, mental skills training or training in the Alexander Technique. There was also a no-treatment control group. Students were videotaped performing a piece both before and after feedback training. These videos were then sent to expert assessors who were blind as to the time (pre-or post-training) and training group of the musician. The videos were marked on standard conservatory grading scales. It was found that participants in the alpha/theta feedback group improved their musical performance by up to two grade points (e.g., from a lower second to a first class grade), with no significant changes seen in the other groups. Artistry in performance was most affected. It could be expected in the light of theories of arousal in sport (Yerkes & Dodson, 1908; Fazey & Hardy, 1988) that the improvements were mediated by a reduction in pre-performance cognitive anxiety, and EEG changes were consistent with anxiety reduction (Egner & Gruzelier, 2004a ), but no difference in pre-performance anxiety, as measured by the Spielberger State Anxiety Inventory (STAI) was found between any of the groups, all of whom improved. Such was the interest generated by Egner and Gruzelier's results that an extension to other performing arts is worthwhile to examine what aspects of performance might be improved. The present study aimed to replicate Egner and Gruzelier's findings of musical performance enhancement following alpha/theta neurofeedback in a population of university dancers.
The present study also investigated heart rate variability (HRV) training, which is another form of biofeedback that is of potential interest to peak performance researchers. Research has associated increased HRV with emotional reactivity in infants (see Beauchaine, 2001) , social competence in young children (Doussard-Roosevelt, Porges, Alemi, & Scanlon, 1997), lowered aggression in adolescents (Mezzacappa et al., 1997) and lowered hostility in young adults (Sloan et al., 1994) . Decreased HRV has been associated with both panic disorder and depression (Yeragani et al., 1993; Yeragani et al., 1991) . Breathing six times a minute occurs in Catholic rosary prayer and Yogic mantras (Bernardi et al., 2001 ) and produces dramatic changes in HRV and baroreflex sensitivity. These changes in the balance of the autonomic nervous system may be instrumental in the pleasant feelings associated with prayer and yoga.
Turning to HRV training as an intervention, it seems clear that high HRV, especially at the same frequency as the baroreflex, has physiological and possibly psychological benefits. Gevirtz has investigated HRV biofeedback for rehabilitation following myocardial infarction as well as the treatment of panic disorder (Del Pozo & Gevirtz, 2002; Berger & Gevirtz, 2001), and Bessel and Gevirtz (1998) found breathing retraining reduced anxiety and improved performance in female gymnasts.
The present study therefore compared alpha/theta neurofeedback training and HRV training with a no-treatment control group in a population of dancers. It was hypothesised that both of these interventions would improve dancers' performance in different ways, because of their effects on the central and peripheral nervous systems. The present study was conducted as a preliminary step in constructing a programme of psychophysiological intervention to optimise performance in sportspeople and performing artists.
METHOD Participants
Participants were 24 students from the Imperial College Dance Sport Team (mean age = 21.6 years). Dancers performed in male-female pairs, and each pair was randomly
